Over-expression of de novo lipogenesis (DNL) genes is associated with the prognosis of various types of cancers. However, the effects of single nucleotide polymorphisms (SNPs) in these genes on recurrence and survival of non-small cell lung cancer (NSCLC) patients after surgery are still unknown. In this study, a total of 500 NSCLC patients who underwent surgery treatment were included. Eight 
Introduction
Lung cancer is the leading cause of cancer-related mortality worldwide, and non-small cell lung cancer (NSCLC) accounts for 80% of all types of lung cancer (Jemal et al., 2011) . Despite advances in NSCLC treatment, the five-year overall survival (OS) rate of NSCLC remains less than 15% (Goldstraw et al., 2011) . Radical resection is generally considered as the most effective treatment for early stage NSCLC. However, a large proportion of patients die of local recurrence or distant metastasis within several years after surgery. Therefore, there is a critical need for prognostic biomarkers that will improve the clinical management of patients with NSCLC.
Altered metabolism is one of the important features of cancer (Cantor and Sabatini, 2012) . Initially, Otto Warburg observed the enhanced anaerobic glycolysis in cancer (Warburg, 1956) . Most of the glycolytic endproduct, pyruvate, is converted to lactate, whereas some is converted to acetyl-CoA that is in turn used for de novo fatty-acid synthesis, termed de novo lipogenesis (DNL) (Swinnen et al., 2006) . Highly proliferating cancer cells need to synthesize fatty acids de novo to continually provide lipids for energy production, cell membrane regeneration and lipid modification of protein. In addition, fatty acids and their derivatives are also important signaling molecules that may affect many fundamental cell processes, including cellular survival, proliferation, migration, invasion, angiogenesis and therapy resistance. DNL involves three rate-limiting enzymes, i.e. ATP citrate lyase (ACLY), acetyl-CoA carboxylase α (ACACA) and fatty-acid synthase (FASN). ACLY converts citrate into cytosolic acetyl-CoA, which is transformed into malonylCoA by the catalysis of ACACA. The malonyl-CoA product is further converted by FASN to long-chain fatty acids. In cancer cells, DNL is commonly elevated and the supply of cellular fatty acid is highly dependent on the de novo synthesis. Therefore, deregulated de novo fatty-acid synthesis directly leads to cellular fatty-acid accumulation and affects fundamental cellular processes, including signal transduction and gene expression. Numerous studies have shown the over-expression of DNL enzymes in various human epithelial cancers, including prostate, ovary, colon, lung, endometrial and stomach cancers (Kuhajda, 2000) . Moreover, several reports have shown that FASN and related DNL enzymes play important roles in tumor cell survival at multiple levels (Chajes et al., 2006; Migita et al., 2009; Li et al., 2012a; Lin et al., 2013) . In addition, over-expression of FASN or ACLY indicates poor prognosis of patients with malignancies, including breast cancer, nasopharyngeal carcinoma, colorectal, ovarian and prostate cancer, as well as NSCLC (Alo et al., 1996; Shurbaji et al., 1996; Ogino et al., 2008; Cerne et al., 2010; Rahman et al., 2012; Wang et al., 2012; Kao et al., 2013) .
Single nucleotide polymorphism (SNP), a common typical genomic variation, can be used as a stable biomarker of genetic background to predict the risk, therapeutic response and prognosis of cancer (Laing et al., 2011; Liu et al, 2012) . Several studies have also discussed the relationship between polymorphisms of DNL genes and development and prognosis of cancers (Nguyen et al., 2010; Eggert et al., 2012) . However, no studies have focused on the association between polymorphisms of ACLY, ACC and FASN and NSCLC prognosis until now. Therefore, we assessed the effects of eight SNPs in these three genes on the post-operation recurrence and survival in a cohort of 500 Chinese NSCLC patients.
Materials and Methods

Ethics statement
The study was approved by the Ethical Committee of the Fourth Military Medical University and all study procedures were carried out in accordance with the ethical standards of the Helsinki Declaration. Written consent was obtained from each patient.
Study population
Between June 2009 and January 2012, NSCLC patients were enrolled at the Department of Thoracic Surgery Tangdu Hospital, the Fourth Military Medical University in Xi'an, China. Patients with newly diagnosed and histologically confirmed NSCLC were eligible for the enrollment. Patients with a history of other cancers were excluded. By January 2012, a total of 500 eligible NSCLC patients were recruited, with complete and validated demographic, clinical, and follow-up data. All patients received surgery within 2 months after diagnosis. The primary tumor was completely resected for all patients, and was confirmed by pathological review of the tumors after resection. No patient received neoadjuvant chemotherapy or radiotherapy.
Epidemiologic and clinical data collection
Demographic data were collected through in-person interviews at the time of initial visit or follow-up in the clinics, medical chart review, or consultation with the treating physicians by trained clinical research specialists. For data acquired from multiple sources, the research staff compared and validated the consistency of these data. The patients and/or family members were further contacted for verification if there were discrepancies. Individuals who smoked more than 100 cigarettes in their lifetime were defined as ever-smokers, otherwise as never-smokers. Tumor stage was assessed using the 7th American Joint Committee on Cancer (AJCC) TNM staging system. The follow-up information on recurrence and survival was updated at a 6-month interval through onsite interviews, direct calling, or medical chart review. The latest followups in this study were carried out in June 2012. Cancer recurrence was the primary endpoint measured in this study, which was defined as the occurrence of a tumor with the same histological type in the original organ (locoregional recurrence) or in a different organ (distant metastasis) after the resection of the primary tumor by surgery. The secondary endpoint was OS which was defined as time in months from the date of first diagnosis to death resulting from any cause.
SNP genotyping
Genomic DNA was obtained for each participant as described previously (Xing et al., 2011) . Three DNL pathway genes (ACACA, FASN and ACLY) were included as candidate genes in this study to estimate the effects of their genetic polymorphisms on OS and recurrence in lung cancer patients. Referring to the databases of dbSNP (http://www.ncbi.nlm.nih.gov/project/SNP/) and the International HapMap Project (http://www.hapmap. ncbi.nlm.nih.gov/), a Web-Based Tagger tool (http:// broad.harvard.edu/mpg/tagger/) was applied to select the candidate SNPs as described previously (Zhou et al., 2012) . Briefly, the strategy and criteria for the selection of tagger SNPs were as follows: a) located in target genes or their 1000 bp flanking regions; b) potentially functional SNPs had priority; c) had minor allele frequency (MAF) > 5% in Chinese population (CHB). If there were multiple potentially functional SNPs within the same block (defined by the linkage coefficient r2 > 0.80), only 1 tag SNP was included. Functional SNPs included missense SNPs in exons, SNPs in microRNA binding sites of 3' untranslated region, SNPs in the transcription factor binding site of the 5' flanking region, and SNPs in splice sites.
Based on the above criteria, eight SNPs were selected in this study, including two in transcription factor binding site sequences (rs11871275 and rs9912300), two missense SNPs (rs7211875 and rs2304497), two synonymous SNPs (rs1140616 and rs4485435), one DOI:http://dx.doi.org/10.7314/APJCP.2014.15.17 
.7097 Fatty Acid Synthesis Pathway Genetic Variants and the Clinical Outcome of NSCLC Patients after Surgery
splice site SNP (rs1714987), and one whose potential function is still unknown (rs4246444) ( Table 1) . Genotyping was performed with iPLEX (Sequenom, San Diego, CA) matrix-assisted laser desorption/ionization time-of-flight mass spectrometry system. Laboratory personnel conducting genotyping were blinded to patient information. Strict quality control measures were implemented during genotyping with more than 99% concordance in samples that were randomly selected to be genotyped in duplicate.
Statistical analysis
SAS software package (version 9.2; SAS Institute, Cary, NC, USA) was used for the aforementioned analyses. Three genetic models (additive, dominant and recessive) were applied to assess the association of single SNP with clinical outcome of lung cancer patients. The best-fitting model was defined as that with the smallest P value and a lower trend P value. The Q value that represents a measure of significance in terms of the false discovery rate was used to adjust the significance level for individual SNPs in multiple tests correction. We calculated Q value by the Q-value package (version 1.0) implemented in the R software (Storey et al., 2004) . Hazard ratios (HR) were estimated by multivariate Cox proportional hazards model, adjusting for age, gender, smoking status, TNM stage, differentiation, and adjuvant therapy. The cumulative effect of unfavorable genotypes identified in the single SNP analysis on recurrence and OS, was estimated by Cox model (Flynn, 2012) . Kaplan-Meier curve and log-rank test were used to assess the differences in survival and time to recurrence between patients with different genotypes (Dinse and Lagakos, 1982) . All P-values in this study were two-sided, and p<0.05 was considered to be significant.
Results
Clinical characteristics and their impact on prognosis of NSCLC patients
A total of 500 NSCLC patients were included in this study, with a median age of 60 years (range, 27-86 years), and 110 (22.0%) patients were female. More than 30.0% of the patients (n=154) had never smoked. The majority (63.2%) of patients had moderately differentiated tumors, and 59.8% of the patients had tumor size larger than 5.0 cm. Sixty-seven percent of the patients had received platinum-based adjuvant chemoradiotherapy after surgery. During the median follow-up of 15.6 months (ranging from 2 to 36.6 months), 165 (33.0%) patients died of lung cancer, and more than 45.6% (n=226) patients developed recurrence. Cox regression analyses showed no significant effects of age, gender, smoking status and tumor size on OS and recurrence of NSCLC patients. TNM stage had significant associations with OS and recurrence in a doseresponse manner (p<0.01 for both). Comparing to those without adjuvant therapy, patients who received adjuvant therapy had a significantly reduced death risk (HR=0.64, 95%CI 0.44-0.92, p=0.02) ( Table 2) .
Association of single SNP with clinical outcomes of NSCLC
We assessed the effects of eight SNPs in three DNL pathway genes (ACACA, FASN and ACLY) on the OS and recurrence in NSCLC patients using multivariate (Figure 1 ).
Cumulative effect of unfavorable genotypes on prognosis of NSCLC patients
In order to assess the cumulative effects of genetic variants on lung cancer outcomes, we did a joint analysis by including the four unfavorable genotypes determined by the single SNP analysis (Table 4) . Briefly, the unfavorable genotypes were homozygous variant TT for rs4246444, homozygous variant GG for rs4485435, and combination of TG and GG for rs9912300. Patients were :http://dx.doi.org/10.7314/APJCP.2014.15.17 
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divided into three groups according to the number of unfavorable genotypes they carried. Compared with those of group 1 (0 unfavorable genotype), there was a 1.41-fold increased risk of recurrence (95%CI, 0.95-2.09; p=0.09) in patients of group 2 (1 unfavorable genotype), and a 1.54-fold increased risk of recurrence (95%CI, 1.04-2.28; p=0.03) in patients of group 3 (with at least 2 unfavorable genotypes), with a significant moderate dose-dependent effect among the three groups (P for trend=0.04). Similar results were also found for OS. Group 2 patients had a 1.55-fold increased risk of death (95%CI, 0.95-2.52, p=0.08), and group 3 had a 1.83-fold increase in risk of death (95%CI, 1.13-2.96, p=0.01), when comparing with group 1 (P for trend=0.02). Kaplan-Meier plots also showed the significantly different RFS and OS proportions among the three groups over the follow-up ( Figure. 2).
Discussion
In the current study, we evaluated the effects of eight functional SNPs in three genes (ACACA, FASN, and ACLY) of DNL pathway on the prognosis of NSCLC patients. We found that two SNPs (rs4246444 and rs4485435) located in the FASN gene were significantly associated with the risk of NSCLC recurrence after surgery. In addition, SNP rs9912300 in ACLY gene was significantly associated with OS of NSCLC patients. Furthermore, we identified an accumulative risk of death with increasing number of unfavorable genotypes. To the best of our knowledge, this is the first study to report that genetic variants in the DNL genes have a significant effect on the prognosis in NSCLC patients.
Increased DNL has been considered as a hallmark of cancer, whereas its significance in cancer pathogenesis has long been underestimated. Recent studies have shown the importance of the lipogenic enzymes in survival, proliferation, progression, angiogenesis and drug resistance of cancer cells. (Swinnen et al., 2006) It has been demonstrated that FASN gene is over-expressed in various types of cancer, including NSCLC, under the driving of growth factor signaling pathway, including the phosphatidylinositol-3-kinase (PI3K)-Akt and mitogen-activated protein kinase (MAPK) pathway (Li et al., 2012b) . Treating tumor cells with pharmacological inhibitors of FASN or silencing FASN expression by specific siRNAs effectively suppresses the growth and induces apoptosis in cancer cells both in vitro and in vivo (Pizer et al., 2000; De Schrijver et al., 2003) . In addition, it has been reported that inhibition of FASN expression significantly suppressed the invasion and radiation resistance in cancer cells (Yang et al., 2011) .
ACLY catalyzes the conversion of citrate to cytosolic acetyl-CoA, thus linking the tumor-associated increase in glycolysis to enhanced lipogenesis. Similar as FASN and ACACA, marked elevation of ACLY expression and activity has been reported in cancer cells Hatzivassiliou et al., 2005) . In human lung adenocarcinoma, the expression of phosphorylated ACLY is correlated with stage, differentiation grade, and a poorer prognosis. Moreover , ACLY inhibition by siRNAs or the selective inhibitor SB-204990 suppresses the growth and survival of tumor cells in vitro and in vivo Hatzivassiliou et al., 2005; Migita et al., 2008) . Although the molecular mechanisms of ACLY inhibition-dependent cell death are still not clear, these data suggest that this enzyme could also be a target for cancer therapy.
Genetic variants such as SNPs play an important role in the regulation of gene expression, mRNA degradation and translation, as well as protein structures which may affect the biological functions of proteins (Shastry, 2009) . Considering the critical role of DNL genes in the development of cancer, effects of SNPs in these genes on cancer cell proliferation, invasion and drug sensitivity as well as clinicopathologcal characteristics and prognosis of patients should be investigated. However, little is known on the associations between these SNPs and cancer risk as well as patient prognosis. It has been reported that SNP rs4247357 in the FASN gene is associated with the risk of uterine leiomyomata (Eggert et al., 2012) . In addition, Nguyen PL et al have reported that SNP rs1127678 in the FASN gene is associated with the risk and mortality of prostate cancer (Nguyen et al., 2010) . In line with these findings, we found that two SNPs (rs4246444 and rs4485435) in FASN gene were significantly associated with the risk of recurrence in NSCLC patients, while SNP rs9912300 in ACLY gene was associated with the OS of NSCLC patients. These data suggest that different SNPs in DNL genes might affect the risk or prognosis of different tumors. However, the differences in the biological functions of these SNPs need to be further investigated.
Although the molecular and cellular functions of these SNPs have not yet been evaluated, silicon analysis found that rs4485435 in the exon 21 of FASN may affect alternative splicing of mRNA. The study of Dolley et al has suggested that rs4246444 is a potential functional SNP, although it is located in intron of FASN (Dolley et al., 2011) . MultiZ alignment has estimated that none of the three FASN SNPs is located in the highly conserved regions of the genome (Blanchette et al., 2004) . SNP rs9912300 is located in the intron region of ACLY, and is a translation factor binding site-related SNP. Further functional research on these SNPs is needed to elucidate their effects on gene expression, DNL activity as well as patient prognosis in NSCLC.
Presence of multiple SNPs had a cumulative effect on recurrence and survival of lung cancer patients. Studying the cumulative effects may lead to more powerful prognostic or predictive signatures based on the combination of each patient's genetic variations. The present study demonstrated a significant dosedependent effect of the DNL gene variants on the survival and recurrence of lung cancer patients. Hence, more unfavorable genotypes indicate poorer prognosis for lung cancer patients. It should be noted that this study was exploratory, and the results need to be validated in independent studies.
Our study has a few strengths. First, our pathwaybased approach is a logical extension of the candidate gene approach and avoids the requirement of a much larger sample size for a genome-wide association study. Secondly, the patient cohort in this study was relatively large and recruited from a single institution. The uniform standard operation procedures in cancer identification, pathological staging, and cancer treatment strategy make our findings more comprehensive and applicable to future clinical studies. Further, the cumulative effects analysis established a novel combination of SNPs to predict the outcome of lung cancer patients, which could be investigated further and included in a prognostic model to help clinicians in predicting outcomes for lung cancer patients. Nevertheless, some limitations also exist in our study, such as lacking of generalizability, unclear biological mechanisms of the significant SNPs, and a relatively smaller sample size in stratified analysis. Further validation on our results in populations with other ethnicities is needed to generalize the potential clinical utility of our findings.
Overall, as the first study observing the effect of DNL gene polymorphisms on NSCLC prognosis in a Chinese population, our results strongly suggest that certain genetic variants of FASN and ACLY genes may be independent prognostic markers for recurrence and survival prediction in NSCLC patients after resection. These findings indicate that further studies are warrant edon the impact of these SNPs on the effectiveness of therapeutics against DNL in NSCLC.
